« 



(19) 




Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



EP 0 530 211 B1 



(12) 



EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
05.06.1996 Bulletin 1996/23 

(21) Application number: 91908026.7 

(22) Date of filing: 28.03.1991 



(51) intciA C03B 23/03, C03B 23/035 

(86) International application number: 
PCT/US91/02142 

(87) international publication number: 

WO 91/17961 (28.11.1991 Gazette 1991/27) 



(54) VACUUM IMPULSE FORMING OF HEATED GLASS SHEETS 

VAKUUiVlBlEGEN VON ERHITZTEN GLASSCHEIBEN 

FORMAGE DE FEUILLES DE VERRE CHAUFFE PAR IMPULSIONS DE VIDE 



CM 

O 
CO 
lO 

o 

a. 
m 



(84) Designated Contracting States: 

AT BE CH DE DK ES PR GB GR IT LI LU NL 

(30) Priority: 22.05.1990 US 527116 

(43) Date of publication of application: 
10.03.1993 Bulletin 1993/10 

(73) Proprietor: GLASSTECH, INC. 
Perrysburg, OH 43552 (US) 

(72) Inventors: 

• SHETTERLY, Donlvan, M. 
Toledo, OH 43606 (US) 



• HERSCH, Christopher, A. 
Perrysburg, OH 43551 (US) 

(74) Representative: Ben-Nathan, Laurence Albert 
Urquhart-Dykes & Lord 
91 Wimpole Street 
London W1M 8AH (GB) 



(56) References cited: 
WO- A-89/1 0330 
US-A- 4 561 688 
US-A-4 711 653 



US-A- 3 826 381 
US-A- 4 661 141 
US-A- 4 840 657 



Note: Within nine months from the publication of the mention of the grant ot the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 75001 PARIS (FR) 



1 



EP 0 530 211 B1 



2 



Description 

TECHNICAL FIELD 

This Invention relates to vacuum forming of heated 
glass sheets. 

BACKGROUND ART 

Vacuum forming of heated glass sheets against a 
curved mold surface has been performed for many 
years. Such vacuum forming is usually performed by 
drawing a vacuum within openings in the mold surface. 
The extent of vacuum utilized is normally on the order 
of about 0.0 10 to 0.025 atmospheres (several to 10 inch- 
es, about 10 to 25 cm., water column). Such a conven- 
tional vacuum can be provided by commercially availa- 
ble hot operating fans that are positioned within a heated 
environment in which the vacuum forming is performed 
and can also be provided by a gas Jet pump such as 
disclosed by United States Patent 4,222,763 McMaster 
wherein a primary gas flow is introduced into a passage- 
way through jet openings which have axial and circum- 
ferential components that are substantially tangent to 
the inner surface of the passageway such that the pri- 
mary gas flow induces a secondary gas flow that gen- 
erates the vacuum through suitable communication 
passageways. 

Prior art glass sheet vacuum forming systems are 
disclosed by United States Patents: 3,778,244 Nedelec 
at a!; 4.661,141 Nitschke et ai; 4,711,653 Frank et al; 
4,746,348 Frank et al; and 4,859.225 Kuster et aL; and 
PCT International Publication WO-A-89/10330 wherein 
press bending is performed between a press ring and a 
shaping surface at which a vacuum is applied. 

DISCLOSURE OF INVENTION 

An object of the present invention is to provide ap- 
paratus and a method for provkiing improved vacuum 
forming of heated glass sheets by the use of a vacuum 
impulse which involves a substantially greater vacuum 
than has been heretofore utilized in vacuum fomriing of 
glass sheets. 

In carrying out the above object and other objects 
of the invention, apparatus for forming a heated glass 
sheet includes a vacuum mold having a full surface that 
defines a shape to which the glass sheet is to be formed 
and also includes a peripheral mold for forming and 
sealing the periphery of the glass sheet against the sur- 
face of the vacuum mold. Means, preferably a conduit 
having valving, are provided for starting and stopping 
communication of the vacuum mold surface within the 
sealed periphery of the glass sheet with at least one vac- 
uum reservoir in which a partial vacuum is maintained 
such as to make the provision of a vacuum impulse of 
an absolute pressure of 0.9 atmospheres or less at the 
vacuum nrK>ld possible to form the glass sheet to the 



shape of the vacuum mold surface. 

Since the hot glass sheet has viscoelastic charac- 
teristics, the greater vacuum for a shorter time, as com- 
pared to conventional forming of glass sheets by vacu- 

5 um, reduces optical distortion resulting from the glass 
surface engagement with the mold surface. More spe- 
cifically, the vacuum drawn at the vacuum mold surface 
within the sealed periphery of the glass sheet is large 
enough to fully form the glass sheet to the shape of the 

10 mold surface but Is not applied bng enough to overcome 
the large viscous characteristics of the glass such that 
reduced optical distortion results at the interface of the 
glass sheet and the mold. 

The conduit that provides the preferred means for 

IS communicating between the vacuum mold and each 
vacuum reservoir preferably includes valving that con- 
trols the communication In applying the vacuum im- 
pulse. This valving includes at least one valve for: (a) 
closing the conduit to isolate the vacuum mold from 

20 each vacuum reservoir; (b) initially opening the conduit 
to commence the vacuum impulse at a first level of vac- 
uum; and (c) finally opening the conduit to provide the 
vacuum impulse to the vacuum mold at a second greater 
level of vacuum. A pair of vacuum reservoirs of the ap- 

25 paratus provide the initial vacuum impulse at the first 
level of vacuum and the subsequent vacuum impulse at 
the second greater level of vacuum. A vacuum pump of 
the apparatus draws a vacuum within each vacuum res- 
ervoir. 

30 Different embodiments of the apparatus are dis- 
closed with the vacuum mold having its full surface fac- 
ing both upwardly and downwardly and having both con- 
vex and concave shapes. 

One of the embodiments of the apparatus with the 

35 upwardly facing vacuum mold surface has this mold sur- 
face provided with a convex shape and has its periph- 
eral mold facing downwardly with a concave shape. An- 
other embodiment of the apparatus with the upwardly 
facing vacuum mold surface has this nnotd surface pro- 

40 vided with a concave shape and has its peripheral mold 
facing downwardly with a convex shape. The embodi- 
ments of the apparatus with the upwardly facing mold 
surface each include an actuator that moves the periph- 
eral mold downwardly to press the periphery of the glass 

45 sheet against the upwardly facing vacuum mold surface. 
One of the embodiments of the apparatus with the 
downwardly facing vacuum mold surface has this mold 
surface provided with a concave shape and has its pe- 
ripheral rrK>ld facing upwardly with a convex shape. An- 

50 other embodiment of the apparatus with the downwardly 
facing vacuum mold surface has this mold surface pro- 
vided with a convex shape and has its peripheral mold 
facing upwardly with a concave shape. The embodi- 
ments of the apparatus with the downwardly facing vac- 

S5 uum surface each include an actuator that moves the 
vacuum mold downwardly such that the upwardly facing 
peripheral mold presses the periphery of the glass sheet 
against the downwardly facing vacuum mold surface. 
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Both the upwardly and downwardly facing embodi- 
ments of the vacuum mold surface are disclosed as hav- 
ing versions with straight tine elements over the entire 
extent thereof, curved shapes in directions that are 
transverse to each other, and inversely curved portions, s 

The peripheral mold that presses the periphery of 
the glass sheet against the vacuum mold surface is pref- 
erably constructed as a ring mold with an open center. 

In carrying out the above mentioned object and oth- 
er objects of the invention, the method for forming a io 
heated glass sheet in accordance with the invention in- 
cludes sealing the periphery of the glass sheet against 
a full surface vacuum mold and starting and stopping 
communication of the vacuum mold surface within the 
sealed periphery of the glass sheet with at least one vac- is 
uum reservoir in which a partial vacuum is maintained 
to provide a vacuum impulse of an absolute pressure of 
0.9 atmospheres or less at the vacuum mold to form the 
glass sheet to the shape of the vacuum mold surface. 

In performing the method, the vacuum impulse is 20 
preferably provided at the vacuum mold surface initially 
at a first level of vacuum and thereafter at a second 
greater level of vacuum. The first and second levels of 
vacuum are disclosed as being provided by communi- 
cating the vacuum mold surface with a pair of vacuum 2S 
reservoirs. Two different versions are disclosed for per- 
forming the method. In one version, the glass sheet pe- 
riphery is sealed against the vacuum mold surface by a 
pressing operation of a peripheral mold which maintains 
the pressing relationship as the vacuum impulse is pro- so 
vided at the vacuum mold surface to form the glass 
sheet. In another version, the glass sheet periphery is 
initially sealed against the vacuum mold surface by a 
pressing operation of a peripheral mold which is there- 
after positioned out of engagement with the glass sheet 3S 
as the vacuum impulse is provided at the vacuum mold 
surface to form the glass sheet. 

The objects, features and advantages of the 
present invention are readily apparent from the following 
detailed description of the best modes for carrying out 40 
the invention when taken in connection with the accom- 
panied drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

45 

FIGURE 1 is a partially sectioned view of one em- 
bodiment of apparatus constructed in accordance 
with the present invention to perform the method 
thereof for vacuum forming of a heated glass sheet 
with a lower vacuum mold having an upwardly fac- so 
ing convex shape and with an upper peripheral 
mold having a downwardly facing concave shape; 

FIGURE 2 is a plan view of the apparatus taken 
along the direction of line 2-2 in Figure 1 to illustrate ss 
both the upwardly facing vacuum mold surface 
against which the vacuum forming is performed and 
the downwardly facing peripheral mold shape that 



initially seals the glass sheet periphery with the vac- 
uum mold surface; 

FIGURE 3 is a view that illustrates the apparatus of 
Figures 1 and 2 at the commencement of the vac- 
uum forming cycle; 

FIGURE 4 illustrates the apparatus of Figures 1 and 
2 at a further stage of the vacuum forming cycle 
where the peripheral mold has been moved down- 
wardly to seal the glass sheet periphery against the 
vacuum mold surface; 

FIGURE 5a is a sectional view taken along the di- 
rection of 5a-5a of Figure 4 to illustrate the manner 
in which more simple shapes can be vacuum 
formed with the peripheral mold maintaining a 
pressing relationship with the glass sheet periphery 
as a vacuum impulse is provided to form the glass 
sheet; 

FIGURE 5b is a view taken in the same direction as 
Figure 5a and illustrates the vacuum mold with its 
surface shaped so as to provide cross-curvature 
transverse to the curvature illustrated in Figure 4 as 
well as illustrating a spaced relationship of the pe- 
ripheral mold to the glass sheet when formed by the 
vacuum impulse against the vacuum mold surface 
with this more complex shape; 

FIGURE 5c is a view of the apparatus also taken in 
the same direction as Figure 5a and having its vac- 
uum mold surface constructed so as to provide in- 
verse curves as well as illustrating the peripheral 
mold spaced from the glass sheet as In Figure 5b 
when the vacuum forming is performed against the 
vacuum mold surface with this more complex in- 
versely curved shape; 

FIGURE 6 is a view taken in the same direction as 
Figure 4 and illustrates the formed glass sheet 
transferred from the lower vacuum mold to the up- 
per peripheral mold in connection with subsequent 
delivery for cooling; 

FIGURE 7 is a view of another embodiment of the 
apparatus for vacuum forming a heated glass sheet 
wherein an upper vacuum mold has a downwardly 
facing concave surface against which a lower pe- 
ripheral moid of an upwardly convex shape presses 
the glass sheet; 

FIGURE 8 is a plan view taken along the directbn 
of line 8-8 in Figure 7 to illustrate both the down- 
wardly facing upper vacuum mold surface and the 
lower peripheral mold shape that presses the glass 
sheet against the upper vacuum mold surface; 
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FIGURE 9 is a view of the apparatus of Figures 7 
and 8 illustrated at the commencement of the vac- 
uum forming cycle with the heated glass sheet sup- 
ported by the lower peripheral mold; 

5 

FIGURE 1 0 is a view of the apparatus of Figures 7 
and 8 at a further stage of the cycle where the heat- 
ed glass sheet has its periphery pressed against the 
vacuum mold surface; 

10 

FIGURE 11a is a sectional view of the apparatus 
taken along the direction of line 11a-11a in Figure 
10 and illustrates the manner in which straight-line 
element shapes are formed with the vacuum mold 
and peripheral mold maintained in a pressing rela- is 
tionship with the glass sheet periphery; 

FIGURE lib is a sectional view taken in the same 
direction as Figure 11a and illustrates the apparatus 
with its vacuum mold surface shaped so as to pro- 20 
vide cross-curvature to the curvature shown in Fig- 
ure 10 and also illustrates the manner in which the 
peripheral nrrald is moved out of engagement with 
the glass sheet as the vacuum is provided to form 
such a more complex shape; 2S 

FIGURE 1 1 c is also a view taken in the same direc- 
tion as Figure 11a with the vacuum mold surface 
having inverse curves in a direction transverse to 
the curvature shown in Figure 1 0 and likewise lllus- 30 
t rates the peripheral mold in a spaced relationship 
from the glass sheet during the vacuum forming to 
this more complex shape; 

FIGURE 12 illustrates the apparatus at a further 3$ 
stage with the molds moved into a farther spaced 
relationship in preparation for delivery of the formed 
glass sheet from the upper vacuum mold for cool- 
ing; 

40 

FIGURE 1 3 is a view of another embodiment of the 
apparatus for vacuum forming a heated glass sheet 
wherein a lower vacuum mold has an upwardly fac- 
ing concave surface against which an upper periph- 
eral mold of a downwardly convex shape presses 4S 
the glass sheet; 

FIGURE 14 is a plan view of the apparatus taken 
along the direction of line 14-14 in Figure 13 to il- 
lustrate both the upwardly facing vacuum mold sur- so 
face against which the vacuum forming is per- 
formed and the downwardly facing peripheral mold 
shape that initially seals the glass sheet periphery 
with the vacuum mold surface; 

S5 

FIGURE 1 5 is a view of another embodiment of the 
apparatus for vacuum forming a heated glass sheet 
wherein a lower vacuum mold has a downwardly 



facing vacuum mold surface of a downwardly facing 
convex shape against which a lower peripheral 
mold of an upwardly concave shape presses the pe- 
riphery of the glass sheet; and 

FIGURE 16 is a plan view of the apparatus taken 
along the direction of line 16-16 in Figure 15 to il- 
lustrate both the downwardly facing vacuum mold 
surface against which the vacuum forming is per- 
formed and the upwardly facing peripheral moid 
shape that initially seals the glass sheet periphery 
with the vacuum mold surface. 

BEST MODES FOR CARRYING OUT THE INVENTION 

With reference to Figure 1 of the drawings, one em- 
bodiment of apparatus 20 for forming a heated glass 
sheet G in accordance with the present invention in- 
cludes a vacuum mold 22 having a full surface 24 that 
defines a shape to which the glass sheet Is to be formed. 
A peripheral nrx>ld 26 of the apparatus provides forming 
and sealing of the periphery of the glass sheet against 
the surface 24 of the vacuum moW 22 as is hereinafter 
more fully described. A vacuum system 28 of the appa- 
ratus has a conduit 30 that provides a preferred means 
for communicating the vacuum mold surface 24 within 
the sealed periphery of the glass sheet with at least one 
vacuum reservoir 32, and preferably also with a second 
vacuum reservoir 33, to provide a vacuum impulse that 
forms the glass sheet to the shape of the vacuum mold. 
This vacuum impulse provides a much greater extent of 
vacuum than with conventional glass sheet vacuum 
forming but only for a limited time to reduce optrcal dis- 
tortion of the viscoelasttc hot glass sheet as a result of 
its engagement with the vacuum mold surface 24. 

With combined reference to Figures 1 and 2, the 
vacuum moid 22 has a vacuum chamber 34 to which 
the conduit 30 is communicated, and the vacuum sur- 
face 24 has a set of openings 36 that extend to the vac- 
uum chamber such that the vacuum impulse from the 
vacuum reservoir 32 is applied through these openings 
to the glass sheet to provide the forming to the shape of 
the vacuum mold surface. These openings 36 in the vac- 
uum mold surface 24 are preferably arranged as shown 
in Figure 2 just inside, i.e. about 2-4 inches (about 5 to 
10 cm.), the location at which the peripheral mold 26 
provides the sealing of the glass sheet periphery against 
the vacuum mokj surface. 

The vacuum system 28 of the apparatus as illustrat- 
ed in Figure 1 , in addition to including the conduit 30 that 
extends between the vacuum mold 22 and each vacuum 
reservoir 32 and 33, also includes valving 38 that con- 
trols communication of the vacuum mold and the vacu- 
um reservoir through the conduit. This valving 38 is dis- 
closed as including a flow control valve 39 and an on- 
off valve 40 along a conduit branch 41 that communi- 
cates the conduit 30 with the one vacuum reservoir 32. 
Valving 38 also includes a flow control valve 42 and an 
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on-off valve 43 along a conduit branch 44 that connmu- 
nicates the conduit 30 with the second vacuum reservoir 
33. Another on-off valve 46 along a conduit branch 47 
controls the supply of pressurized gas from a source 45 
to the conduit 30 for delivery to the vacuum mold 22. As 
is hereinafter more fully described, the valving 38 initially 
closes the conduit 30 so as to be isolated from each of 
the vacuum reservoirs 32 and 33 as well as from the 
pressurized gas source 45. As is hereinafter more fully 
described, the valving 38 through the flow control valve 
39 and the on-off valve 40 initially opens the conduit 
branch 41 to communicate the one vacuum reservoir 32 
with the vacuum mold 34 to initially provide the vacuum 
impulse at a first level of vacuum. Thereafter upon clos- 
ing of the valve 41 to isolate the one vacuum reservoir 
32 from the vacuum mold 22, the valves 42 and 43 com- 
municate the branch conduit 44 with the second vacuum 
reservoir 33 to provide a vacuum impulse to the vacuum 
mold 22 at a second greater level of vacuum. The vac- 
uum within the pair of vacuum reservoirs 32 and 33 is 
provided by a vacuum pump 48 through a branched con- 
duit 49 whose branches have associated regulator 
valves 50 and 51. 

The extent of the vacuum impulse provided at the 
vacuum mold 22 must be great enough to etastically de- 
form the glass sheet as it initially is formed to the shape 
of the mold surface. Thereafter, viscous flow of the glass 
maintains the glass sheet in its formed shape. The ex- 
tent of vacuum necessary to do this elastic forming is 
controlled by variables which include: the size of the 
vacuum mold chamber 34, the extent of any leakage 
which occurs around the periphery of the sealed glass 
sheet, the size of each vacuum reservoir 32 and 33, and 
the extent of the vacuum drawn within each vacuum res- 
ervoir 32 and 33 by the vacuum pump 48. Satisfactory 
results have been achieved by applying an initial vacu- 
um impulse of an absolute pressure of about 0.9 to 0.7 
atmospheres for about .5 to 2 seconds and by thereafter 
applying a second greater vacuum impulse of an abso- 
lute pressure of about 0.75 to 0.3 atmospheres for 
about .5 to 6 seconds. The regulator valves 50 and 51 
functbn to communicate the continuously running vac- 
uum pump 48 with the associated vacuum reservoirs 32 
and 33 so as to maintain a vacuum within these reser- 
voirs on the order of about 0.84 to 0.33 absolute atmos- 
pheres. Along each conduit branch 41 and 44, the as- 
sociated flow control valves 39 and 42 control the flow 
area which controls the rate at which the vacuum im- 
pulse is applied and thereby prevents excessively fast 
forming that can cause breakage when the glass sheet 
hits the mold surface. 

As illustrated in Figure 3, the cycle of glass sheet 
forming begins with the glass sheet G deposited on the 
upwardly facing moid surface 24 of the lower vacuum 
mold 22. It is possible to initially deposit the glass sheet 
G onto the lower vacuum mold 22 in different ways. For 
example, the vacuum mold 22 may have a connection 
52 to a suitable actuator that moves the vacuum mold 



horizontally to below a suitable topside transfer device 
that supports and subsequently releases the glass 
sheet onto the vacuum mold prior to subsequent move- 
ment of the vacuum moid back below the peripheral 

5 mold 26 as illustrated in Figure 3. The vacuum conduit 
30 has a suitable separable coupling or is flexible to per- 
mit such movement. It is also possible for the topside 
transfer device to be moved horizontally to a position 
above the vacuum mold 22 and to then release the glass 

10 sheet onto the vacuum mold with the upper peripheral 
mold 26 raised as illustrated in Figure 3. 

The apparatus 20 illustrated in Figure 1 has the sur- 
face 24 of its vacuum mold 22 facing upwardly with a 
concave shape and the vacuum mold thus occupies a 

IS lower position with respect to the peripheral mold 26 
which occupies an upper position. This upper peripheral 
mold 26 faces downwardly with a concave shape com- 
plementary to the convex shape of the vacuum mold 
surface 24. Another embodiment of the glass sheet 

20 forming apparatus illustrated In Figures 13 and 14 is 
similar to the embodiment of Figures 1 and 2 and thus 
has like reference numerals with the subscript "a" ap- 
plied to like components thereof and most of the prior 
description is applicable except as will be noted. How- 

25 ever, the lower vacuum mold surface mold 24a of the 
apparatus 22a has an upwardly facing concave shape 
and the downwardly facing peripheral mold 26a has a 
convex shape complementary to the upwardly facing 
concave vacuum mold surface 24a. This upwardly fac- 

30 ing concave vacuum mold surface 24a as shown in Fig- 
ure 1 4 has its openings 36a located adjacent the periph- 
eral mold as with the embodiment shown in Figure 2. 
The vacuum system 28 shown in Figure 13 utilized with 
the forming apparatus 20a is the same as the vacuum 

35 system utilized with the embodiment shown in Figure 1 . 
An actuator 54 of the apparatus 22 shown in Figure 
1 has a connection 56 to the upper peripheral mold 26 
and is operable to move the peripheral mold vertically 
with respect to the lower vacuum mold 22 in order to 

40 provide relative movement between the two molds. 
More specifically, the actuator 54 through its connection 
56 moves the upper peripheral mold 26 downwardly 
from the position of Figure 3 to the position of Figure 4 
such that its concave shape presses the periphery of 

45 the glass sheet G against the upwardly facing convex 
surface 24 of the lower vacuum mold 22 in preparation 
for the vacuum Impulse forming as previously described 
in connection with the vacuum system 28. Likewise with 
the embodiment of Figure 1 3, the actuator 54a through 

50 its connection 56a moves the upper peripheral mold 26a 
downwardly such that its convex shape presses the pe- 
riphery of the glass sheet G against the upwardly facing 
concave surface 24a of the lower vacuum mold 22a in 
preparation for the vacuum Impulse forming as previ- 

55 ously described in connection with the vacuum system 
28. 

In perfomriing the vacuum forming, the vacuum 
mold surface 24 can have different configurations such 
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as illustrated by Figures 5a, 5b and 5c. More specifically, 
as illustrated in Figure 5a, the vacuum mold surface 24a 
has straight line elements over its entire extent such as 
is the case with cylindrical and conical shapes where a 
straight line can be drawn through every point on the s 
surface. With such surfaces, the glass sheet forming 
can be performed with the peripheral mold 26 main- 
tained in pressing engagement with the glass sheet pe- 
riphery as illustrated. As illustrated in Figure 5b, the vac- 
uum mold surface 24b has cross-cun/ature in a direction io 
transverse to the curvature illustrated in Figure 4 and, 
with such more complex shapes, the upper peripheral 
mold 26 is preferably moved into a spaced relationship 
out of engagement with the glass sheet periphery so as 
to permit the glass sheet to move along the vacuum i5 
mold surface during the vacuum impulse forming. Like- 
wise, as illustrated in Figure 5c, the vacuum mold sur- 
face 24c has inversely curved portions 58 and 60 in a 
direction transverse to the curvature illustrated in Figure 
4. These inversely curved portions 58 and 60 have cent- 20 
ers of curvature on the opposite sides of the mold sur- 
face and forming of this more complex shape. Iil<e the 
cross-curvature indicated in Figure 5b, is preferably per- 
formed with the upper peripheral mold 26 spaced from 
the glass sheet periphery. The vacuum mold surface 2S 
24a of the Figure 1 3 embodiment of the forming appa- 
ratus likewise can have straight line elements over its 
entire extent, curved shapes in directions that are trans- 
verse to each other, and inversely curved portions. 

As best illustrated in Figure 3, the peripheral mold 30 
26 preferably is a ring 62 having an open center 63 such 
that the upper glass sheet surface is only engaged at its 
periphery during the forming. An enclosure 64 of the pe- 
ripheral mold as best illustrated in Figure 6 defines a 
vacuum chamber 66 in which a vacuum is drawn by a 55 
gas jet pump or fan 68 mounted on top of the enclosure 
or at another remote location. After the vacuum impulse 
forming of the glass sheet is completed, the vacuum 
mold 22 releases the formed glass sheet from its surface 
24, preferably with an assist from the pressurized gas 40 
source 45 previously described in connection with Fig- 
ure 1 , and the formed glass sheet is then received and 
supported by the vacuum drawn within the upper periph- 
eral mold 26 whk:h is then moved upwardly to the posi- 
tion of Figure 6 in preparation for subsequent delivery 4S 
of the formed glass sheet tor cooling. A shape retention 
pad 70 is helpful with many glass shapes and is mount- 
ed by adjustable supports 72 within the open moid ring 
center 63 as shown in Figure 2. This shape retention 
pad 70 prevents the vacuum drawn within the peripheral 
mold vacuum chamber 66 shown In Figure 6 from form- 
ing the glass sheet excessively upwardly to a concave 
shape within the center of the peripheral mold 26. There- 
after, the formed glass is delivered from the peripheral 
mold 26 for cooling such as by delivery to an annealing ss 
ring for slow cooling that provides an annealed glass 
sheet or to a quench ring for quenching that provides a 
tempered glass sheet. It should be noted that the appa- 
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ratus 20a is illustrated in Figure 1 3 with its downwardly 
convex upper peripheral mold 26a lacking any shape 
retention pad like the shape retention pad 70 illustrated 
with the concave embodiment of Figure 1; however, it 
should be appreciated that the shape retention pad 
could also be used with the Figure 1 3 embodiment. 

With reference to Figure 7, another embodiment of 
the apparatus is identified by 120 and includes a vacu- 
um mold 122 that occupies an upper position such that 
its full surface 124 faces downwardly. This downwardly 
facing vacuum mold surface 1 24 has a downwardly con- 
cave shape. The peripheral mold 126 of this embodi- 
ment occupies a lower position with its curved shape 
facing upwardly with a convex configuration that is com- 
plementary to the downwardly facing concave suriace 
1 24 of the upper vacuum mold 1 22. The vacuum system 
26 communicates the upper vacuum mold 122 with the 
vacuum reservoir 32 by communication with its chamber 
134 which is communicated by openings 136 with the 
vacuum mold surface 124. These openings 136 as 
shown in Figure 8 are preferably located just inwardly 
from the k>cation at which the lower peripheral mold 1 26 
presses the glass sheet periphery against the moki sur- 
face 124 during the forming cycle. 

As illustrated in Figure 9, the glass sheet forming 
cycle begins with the glass sheet initially deposited on 
the lower peripheral mold 126 with an actuator 154 
through its connection 156 to the upper vacuum mold 
122 providing positioning of the molds in a spaced rela- 
tionship to each other. The lower peripheral mold 126 
may be moved horizontally by an actuator connection 
152 to receive the heated glass sheet from a topside 
transfer device or the topside transfer device nnay be 
moved horizontally overthe lower peripheral mold to de- 
posit the glass sheet thereon for forming. Thereafter, the 
actuator 154 moves the vacuum mold 122 downwardly 
such that the peripheral mold 1 26 presses the periphery 
of the glass sheet against the downwardly facing sur- 
face 1 24 of the vacuum mold. The vacuum conduit 30 
is flexible to permit the vertbal movement of the vacuum 
mold 122. 

As illustrated in Figures 11a, 11b and 1 1 c, the cycle 
proceeds to provide glass sheet forming to a configura- 
tion that depends upon the ultimate formed shape de- 
sired. More specifically, the glass sheet G as shown in 
Figure 11a is pressed against a surface 124a with 
straight line elements such as is the case with cylindrical 
or conical bends and. in such cases, the peripheral mold 
126 is maintained in pressing engagement with the 
glass sheet periphery. It is also possible to provide 
cross-curvature such as indicated by the vacuum mold 
surface 124b in Figure lib with such curvature being 
transverse to the curvature illustrated in Figure 10 and, 
in such cases, the lower peripheral mold 126 is moved 
into a spaced relationship with the glass sheet periphery 
to permit such nnore complex shaped forming to pro- 
ceed. Likewise as illustrated in Figure 11c, the vacuum 
mold surface 124c may have inversely curved portions 
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158 and 160 in a direction transverse to the curvature 
illustrated in Figure 10 and the lower peripheral mold 
1 26 will then also be maintained in a spaced relationship 
to the glass sheet periphery during the vacuunn forming. 

The glass sheet is then formed on the downwardly 
facing vacuum mold surface 1 24 by the vacuum impulse 
of the vacuum system 28 with the two stage vacuum 
previously described in connection with the embodiment 
of Figures 1 through 6. The formed glass sheet is ulti- 
mately delivered by the upper vacuum mold 122 for 
cooling such as on an annealing ring to provide an an- 
nealed glass sheet or on a quench ring for quenching 
that provides a tempered glass sheet The pressurized 
gas supplied from the gas source 44 of the vacuum sys- 
tem 28 provides a release of the glass sheet from the 
downwardly facing surface 124 upper vacuum mold 122 
upon such delivery. 

With reference to Figures 15 and 16, another em- 
bodiment of the forming apparatus 1 20a is similar to the 
embodiment of Figures 7 and 6 such that like reference 
numerals with the subscript "a" are applied to like com- 
ponents thereof and most of the previous description is 
applicable. This embodiment of the forming apparatus 
120a has its vacuum mold 122a located at the upper 
position and its peripheral mold 126a is located at the 
lower position. However, the downwardly facing surface 
1 24a of the upper mold 1 22a has a convex shape and 
the lower peripheral mold 126a has an upwardly con- 
cave shape. Furthermore, the mold surface 124a has 
its vacuum openings 136a distributed over its entire ex- 
tent. This vacuum mold surface 1 24a may have straight 
line elements, curvatures in transverse directions, or in- 
versely curved portions like the different embodiments 
illustrated in Figures 11a, 11b, and 11c. Forming with the 
apparatus 120a proceeds as previously described in 
connection with Figures 7 through 12 excepted for the 
reversed relationship of the upper and lower mold 
shapes. 

While the best modes for carrying out the invention 
have been described in detail, those familiar with the art 
to which this invention relates will recognize various al- 
ternative designs and embodiments for practicing the in- 
vention as defined by the following claims. 



Claims 

1 . Apparatus (20,20a, 1 20, 1 20a) for forming a heated 
glass sheet comprising: 

a vacuum mold (22.22a,1 22, 122a) having a full 
suriace (24,24a, 124, 124a) that defines a 
shape to which the glass sheet is to be formed; 
a peripheral mold (26,26a. 126, 126a) for form- 
ing and sealing the periphery of the glass sheet 
against the surface of the vacuum mold; and 
means (28) for starting and stopping communi- 
cation of the vacuum mold surface within the 



12 

seated periphery of the glass sheet with at least 
one vacuum reservoir (32,33) in which a partial 
vacuum is nnaintained such as to make the pro- 
vision of a vacuum impulse of an absolute pres- 
s sure of 0.9 atmospheres or less at the vacuum 

mold possible to form the glass sheet to the 
shape of the vacuum mold surface. 

2. Apparatus (22,22a, 1 22, 1 22a) as in claim 1 wherein 
10 the communicating means (28) includes a conduit 

(30) that extends between the vacuum mold 
(22, 22a, 122, 122a) and each vacuum reservoir 
(32,33), and valving (38) that controls communica- 
tion of the vacuum mold and each vacuum reservoir 
IS through the conduit. 

3. Apparatus (22,22a. 122, 122a) as in claim 2 wherein 
the valving (38) includes at least one valve 
(39.40,42.43) for 

20 

(a) closing the conduit (30) to isolate the vacu- 
um mold (22,22a, 1 22, 1 22a) from each vacuum 
resen^oir (32,33); 

(b) initially opening the conduit (30) to com- 
25 mence the vacuum impulse at a first level of 

vacuum; and 

(c) finally opening the conduit (30) to provide 
the vacuum impulse to the vacuum mold at a 
second greater level of vacuum. 

30 

4. Apparatus (22,22a, 122, 122a) as in claim 3 which 
includes a pair of vacuum resen/oirs (32.33) for pro- 
viding the initial vacuum impulse at the first level of 
vacuum and the subsequent vacuum impulse at the 

35 second greater level of vacuum. 

5. Apparatus (22,22a. 122, 122a) as in claim 2, 3 or 4 
further including a vacuum pump (48) for drawing a 
vacuum within each vacuum reservoir (32,33). 

40 

6. Apparatus (22,22a, 122, 122a) as in claim 5 further 
including at least one regulator valve (50,51) for 
controlling the level of vacuum drawn within each 
vacuum reservoir (32,33). 

45 

7. Apparatus (20) as in claim 1 wherein the vacuum 
mold surface (24) faces upwardly with a convex 
shape, and wherein the peripheral mold (26) faces 
downwardly with a concave shape. 

so 

8. Apparatus (20a) as in claim 1 wherein the vacuum 
mold surface (24a) faces upwardly with a concave 
shape and wherein the peripheral mold (26a) faces 
downwardly with a convex shape. 

55 

9. Apparatus (20,20a) as in claim 7 or 8 further includ- 
ing an actuator (54,54a) that moves the peripheral 
mold (26,26a) downwardly to press the periphery of 
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the glass sheet against the upwardly facing vacuum 
mold surface (24,24a). 

10. Apparatus (120) as in claim 1 wherein the vacuum 
mold surface (1 24) faces downwardly with a con- 
cave shape and wherein the peripheral mold (126) 
faces upwardly with a convex shape, 

11. Apparatus (120a) as in claim 1 wherein the vacuum 
mold surface (124a) faces downwardly with a con- 
vex shape and wherein the peripheral mold (126a) 
faces upwardly with a concave shape. 

12. Apparatus (120,120a) as in claim 10 or 11 further 
including an actuator (164,154a) that moves the 
vacuum mold (122,122a} downwardly such that the 
upwardly facing peripheral mold (126,126a) press- 
es the periphery of the glass sheet against the 
downwardly facing vacuum mold surface. 

1 3. Apparatus (20) as in claim 1 wherein the full surface 
(24a) of the vacuum mold (22) has straight line el- 
ements over its entire extent. 

14. Apparatus (20) as in claim 1 wherein the full surface 
(24b) of the vacuum mold (22) has curved shapes 
in directions that are transverse to each other. 

15. Apparatus (20) as in claim 1 wherein the full surface 
(24c) of the vacuum mold (22) has inversely cun/ed 
portions (58.60). 

1 6. Apparatus (22,22a. 1 22, 1 22a) as in claim 1 wherein 
the peripheral mold (26.26a.1 26,1 26a) is a ring hav- 
ing an open center. 

1 7. A method for forming a heated glass sheet compris- 
ing: 

sealing the periphery of the glass sheet against 
a full surface (24, 24a, 124, 124a) of a vacuum 
mold; and 

starting and stopping communication of the 
vacuum mold surface within the sealed periph- 
ery of the glass sheet with at least one vacuum 
reservoir (32,33) in which a partial vacuum is 
maintained to provide a vacuum impulse of an 
absolute pressure of 0.9 atmospheres or less 
at the vacuum mold to form the glass sheet to 
the shape of the vacuum mold surface. 

18. A method as in claim 17 wherein the vacuum im- 
pulse is provided at the vacuum mold surface 
(24,24a,1 24,124a) initially at a first level of vacuum 
and thereafter at a second greater level of vacuum. 

19. A method as in claim 18 wherein the first and sec- 
ond levels of vacuum are provided by communicat- 



ing the vacuum mold surface (24,24a, 124, 124a) 
with a pair of vacuum reservoirs (32,33). 

20. A method as in claim 1 7, 1 8 or 1 9 wherein the glass 
s sheet periphery is sealed against the vacuum mold 

surface (24,24a, 124, 124a) by a pressing operation 
of a peripheral mold (26,26a,126,126a) which main- 
tains the pressed relationship as the vacuum im- 
pulse is provided at the vacuum mold surface to 
10 form the glass sheet. 

21 . A method as in claim 17, 1 8 or 1 9 wherein the glass 
sheet periphery is sealed against the vacuum mold 
surface (24,24a. 124, 124a) by a pressing operation 

IS of a peripheral mold (26,26a, 1 26, 1 26a) which is po- 
sitioned out of engagement with the glass sheet as 
the vacuum impulse is provided at the vacuum mold 
surface to form the glass sheet. 



1. Vorrichtung (20, 20a. 120, 120a) zur Formgebung 
einer en/varmten Glastafei, bestehend aus: 

2S 

einer Vakuumform (22, 22a, 122, 122a) mit ei- 
ner votlen Oberflache (24, 24a, 124, 124a), die 
eine Formgebung definiert, zu welcher die 
Glastafel ausgebildet werden soil; 

30 

einer Umfangsform (26, 26a, 126, 126a) zur 
Ausbildung und Abdichtung des Umfangs der 
Glastafel gegen die Oberflache der Vakuum- 
form; und 

35 

einer Einrichtung (28) zum Starten und Stop- 
pen einer Verbindung der Oberflache der N^ku- 
umform innerhalb des abgedichteten Umfangs 
der Glastafel mit wenigstens einem V^kuum- 
40 speicher (32, 33), in welchem ein solches teil- 

welses Vakuum aufrecht erhalten ist. da3 an 
der Vakuumform ein Vakuumimpuls mit einem 
Absolutdruck von 0.9 Atmospharen oder weni- 
ger ermoglicht wird, damit die Glastafel an die 
4S Formgebung der Oberflache der Vakuumform 

angepaQt werden kann. 

2. Vorrichtung (22. 22a, 122. 122a) nach Anspruch 1 , 
bei welcher die Verbindungseinrichtung (28) eine 

so Leitung (30) aufweist, die zwischen der Vakuum- 
form (22, 22a, 122, 122a) und jedem V^kuumspei- 
Cher (32, 33) verlauft, sowie eine Ventileinrichtung 
(38), welche die Verbindung der Vakuumform mit je- 
dem Vakuumspebher Ober die Leitung steuert. 

55 

3. Vorrichtung (22. 22a. 122, 122a) nach Anspruch 2. 
bei welcher die Ventileinrichtung (38) wenigstens 
ein Ventil (39. 40, 42. 43) fur 



20 
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(a) ein SchlieBen der Leitung (30) fur eine Iso 
Herung der Nfekuumform (22, 22a, 122, 122a) 
von jedem Vakuumspeicher (32, 33); 



konvexen Formgebung nach unten weist und bei 
weicher die Umfangsform (126a) mit einer konka- 
ven Formgebung nach oben weist. 



(b) ein anfangliches Oflnen der Leitung (30) fur 
einen Beginn des Vakuumimpulses bei einem 
ersten Niveau des Vakuums; und 

(c) ein abschlieBendes Offnen der Leitung (30) 
auf weist, urn den Vakuumimpuls an die Vaku- 
umform bei einem zweiten groBeren Niveau 
des Vakuums zu lief em. 

4. Vorrichtung (22, 22a, 122, 122a) nach Anspruch 3, 
welche ein Paar Vakuumspeicher (32, 33) fur die 
Bereitstellung des anfanglichen Vakuumimpulses 
bei dem ersten Niveau des Vakuums und des nach- 
folgenden Vakuumimpulses bei dem zweiten gro- 
Beren Niveau des Vakuums aufweist. 

5. Vorrichtung (22, 22a, 122, 122a) nach Anspruch 2, 
3 Oder 4, welche weiterhin eine Vakuumpumpe (48) 
fur das Einzlehen eines Vakuums in jeden Vakuum- 
speicher (32, 33) aufweist. 

6. Vorrichtung (22, 22a, 122, 122a) nach Anspruch 5, 
welche weiterhin wenigstens ein Reglerventil (50, 
51 ) zum Steuem des Niveaus des Vakuums auf- 
weist, das in jeden Vakuumspeicher (32, 33) einge- 
zogen ist. 

7. Vorrichtung (20) nach Anspruch 1, bei weicher die 
Oberflache (24) der Vakuumform mit einer konve- 
xen Formgebung nach oben weist und bei weicher 
die Umfangsform (26) mit einer konkaven Formge- 
bung nach unten weist. 



5 12. Vorrichtung (120, 120a) nach Anspruch 10 Oder 11, 
welche weiterhin ein Steilglied (154, 154a) auf- 
weist, welches die Vakuumform (122, 122a) nach 
unten bewegt, sodaB die nach oben weisende Um- 
fangsform (126, 126a) den Umfang der Glastafel 

10 gegen die nach unten weisende Oberflache der 
kuumform preBl 

13. Vorrichtung (20) nach Anspruch 1, bei weicher die 

voile Oberflache (24a) der \fekuumform (22) gerad- 
^5 linige Elemente uber ihren gesamten Verlauf auf- 
weist. 

14. Vorrichtung (20) nach Anspruch 1, bei weicher die 
voile Oberflache (24b) der \feikuumform (22) ge- 

20 krummte Formgebungen mit Ausrichtungen auf- 
weist, die einander kreuzen. 

15. Vorrichtung (20) nach Anspruch 1, bei weicher die 
voile Oberflache (24c) der Vfeikuumform (22) umge- 

25 kehrl gekrummte Bereiche (58, 60) aufweisL 

16. Vorrichtung (22, 22a, 122. 122a) nach Anspruch 1, 
bei weicher die Umfangsform (26. 26a. 126. 126a) 
ein Ring mrt einer offenen Mitte ist. 

30 

17. Verfahren zur Formgebung einer erwarmten Glas- 
tafel, bestehend aus: 

einem Abdichten des Umfangs der Glastafel 
35 gegen eine voile Oberflache (24, 24a. 124, 

124a) einer Vakuumform; und 



8. Vorrichtung (20a) nach Anspruch 1 , bei weicher die 
Oberflache (24a) der Vakuumform mit einer konka- 
ven Formgebung nach oben weist und bei weicher 
die Umfangsform (26a) mit einer konvexen Form- 
gebung nach unten weist. 

9. Vorrichtung (20, 20a) nach Anspruch 7 Oder 8, wel- 
che weiterhin ein Steilglied (54, 54a) aufweist. wel- 
ches die Umfangsform (26. 26a) nach unten be- 
wegt, um den Umfang der Glastafel gegen die nach 
oben weisende Oberflache (24. 24a) der Vakuum- 
form zu pressen. 

1 0. Vorrichtung (1 20) nach Anspruch 1 , bei weicher die 
Oberflache (1 24) der Vakuumform mit einer konka- 
ven Formgebung nach unten weist und bei weicher 
die Umfangsform (126) mit einer konvexen Form- 
gebung nach oben weist 

11. Vorrichtung (120a) nach Anspruch 1, bei weicher 
die Oberflache (124a) der Vakuumform mit einer 



einem Starten und Stoppen einer Verbindung 
der Oberflache der Vakuumform innerhalb des 

40 abgedichteten Umfangs der Glastafel mit we- 

nigstens einem N^kuumspelcher (32. 33), in 
weichem ein teilweises Vakuum auf recht erhal- 
ten ist, um einen Vakuumimpuls mit einem Ab- 
solutdruck von 0.9 Atmospharen oder wentger 

45 an der Vakuumform bereitzustellen, damit die 

Glastafel an die Formgebung der Oberflache 
der Vakuumform angepaBt wird. 

18. Verfahren nach Anspruch 17, bei weicher der Va- 
50 kuumimpuls an der Oberflache (24, 24a, 1 24, 1 24a) 
der Vakuumform anfangs mit einem ersten Niveau 
des Vakuums und danach mit einem zweiten gro- 
Beren Niveau des Vakuums bereitgestellt wird. 

55 19, Verfahren nach Anspruch 18. bei weichem das er- 
ste und das zweite Niveau des Vakuums durch eine 

Verbindung der Oberflache (24, 24a, 124. 124a) der 
Vakuumform mit einem Paar Vakuumspeicher (32, 
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33) bereitgestellt werden. 

20. Verfahren nach Anspruch 17, 18 oder 19, bei wel- 
chem der Umfang der Glastafel gegen die Oberfla- 
che (24, 24a, 124, 124a) durch einen pressenden 
Betrieb einer Umf angsform (26. 26a 1 26. 1 26a) ab* 
gedichtet wird, welche die gepreBte Beziehung bei- 
behalt, walirend der Vakuumimpuls an der Oberfla- 
che der Vakuumform fur die Formgebung der Glas- 
tafel bereitgestellt wird. 

21. Verfahren nach Anspruch 17, 18 oder 19. bei wel- 
cher der Umfang der Glastafel gegen die Oberfia- 
che (24, 24a, 1 24, 1 24a) der Vakuumform durch ei- 
nen pressenden Betrieb einer Umfangsform (26, 
26a, 126, 126a) abgedichtet wird. die aus ihrem 
Eingrlff mit der Glastafel entfemt wird, wahrend der 
Vakuumimpuls an der Oberflache der \^kuumfonm 
fur die Formgebung der Glastafel bereitgestellt 
wird. 



(a) fermer le conduit (30) pour isoler le moule 
sous vide (22, 22a. 1 22, 1 22a) a partir de cha- 
que reservoir h vide (32, 33); 

(b) ouvrir initialement le conduit (30) pour com- 
s mencer I'impulsion a un premier niveau de vide; 

et 

(c) ouvrir finalement le conduit (30) pourfournir 
I'impulsion de vide au moule sous vide h un se- 
cond niveau plus elev6 de vide. 

10 

4. Appareil (22, 22a. 1 22, 1 22a) selon la revendication 
3, qui comprend una paire de reservoirs k vide (32. 
33) pour foumir I'impulsion de vide initiale au pre- 
mier niveau de vide et I'impulsion de vide ulterieure 

IS au second niveau plus eteve de vide. 

5. Appareil (22, 22a, 1 22, 1 22a) selon la revendication 
2, 3 ou 4. comprenant en plus une pompe k vide 
(48) pour creer un vide k I'int^rieur de chaque re- 

20 sen/oir k vide (32, 33). 



Revendieatlons 

1 . Appareil (20, 20a, 1 20, 1 20a) pour le formage d'une 
feuille de verre chauffee comprenant: 

un moule sous vide (22, 22a, 122, 122a) ayant 
une surface totale (24. 24a, 124, 124a) qui de- 
finit une forme selon iaquelte la feuille de verre 

doit etre formee; 

un moule peripherique (26. 25a, 126, 126a) 
pour former et rendre etanche la p6rlpherie de 
la feuille de verre contre la surface du moule 
sous vide; et 

des rrK>yens (28) pour d^marrer et arr§ter la 
communication entre la face du moule sous vi- 
de k I'interieur de la periph^rie etanche de la 
feuille de verre avec au moins un reservoir k 
vide (32, 33) dans lequel un vide partiel est 
maintenu de fa^n k constltuer une r^sen^e 
d'impulsion de vide d'une pression absolue de 
0,9 atmosphere ou moins au moule sous vide 
pour former la feuille de verre selon la forme de 
la surface du moule sous vide. 

2. Appareil (22. 22a, 1 22, 1 22a) selon la revendication 

1 , dans lequel les moyens de communication (28) 
comprennent un conduit (30) qui s'6tend entre le 
moule sous vide (22. 22a, 122, 122a) et chaque re- 
servoir k vide (32, 33), et un systdme de soupape 
(38) qui contrdle la communication du moule sous 
vide et chaque reservoir a vide k travers le conduit. 

3. Appareil (22, 22a, 1 22, 1 22a) selon la revendication 

2, dans lequel le syst^me de soupape (38) com- 
prend au moins une soupape (39, 40, 42, 43) pour: 
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6. Appareil (22, 22a, 1 22, 1 22a) selon la revendication 
5, comprenant en outre au moins une soupape rS- 
gulatrice (50, 51) pour contr6!er le niveau du vide 
cree^ I'interieur de chaque reservoir a vide (32, 33). 

7. Appareil (20) sebn la revendication 1, dans lequel 
la surface du moule sous vide (24) est dirigee vers 
le haut avec une forme convexe, et dans lequel le 
moule peripherique (26) est dirige vers le bas avec 
une forme concave. 

8. Appareil (20a) selon la revendication 1 , dans lequel 
la surface du moule sous vide (24a) est dirigde vers 
le haut avec une forme concave et dans lequel le 

moule peripherique {26a) est dirige vers le bas avec 
une forme convexe. 

9. Appareil (20, 20a) selon la revendication 7 ou 8, in- 
cluant en outre un actionneur (54, 54a) qui deplace 
le moule peripherique (26, 26a) vers le bas pour 
presser la peripherie de la feuille de verre contre la 
surface du moule sous vide dirigee vers le haut (24, 
24a). 



4S 



10. Appareil (1 20) selon la revendrcation 1 , dans lequel 
la surface du moule sous vide (1 24) est dirigee vers 
le bas avec une forme concave et dans lequel le 
moule peripherique (126) est dirige vers le haut 
so avec une forme convexe. 



11. Appareil (120a) selon la revendication 1, dans le- 
quel la surface du moule sous vide (124a) est diri- 
gee vers le bas avec une forme convexe et dans 
lequel le moule peripherique (126a) est dirige vers 
le haut avec une forme concave. 



ss 



12. Appareil (120, 120a) selon la revendication 10 ou 
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11 , incluant en outre un actionneur (154, 154a) qui 
deplace le moule sous vide (1 22, 1 22a) vers le bas 
de fagon que le moule p6riph§rique dirige vers le 
haut (126, 126a) presse la pSriph^rie de la feuiile 
de verre centre ta surface du moule sous vide dirjge s 
vers le bas. 

13. Appareil (20) selon la revendicatlon 1, dans lequel 
toute la face (24a) du moule sous vide (22) a des 
6ldments en ligne drolte sur toute son ^tendue. 

14. Appareil (20) selon la revendicatlon 1, dans lequel 
toute la surface (24b) du moule sous vide (22) a des 
formes courbes dans des directions qui sont trans- 
versales les unes par rapport aux autres. 

15. Appareil (20) selon la revendicatlon 1, dans lequel 
toute la surface (24c) du moule sous vide (22) a des 
parties inversement incun/ees (58, 60). 

20 

1 6. Appareil (22. 22a, 1 22, 1 22a) selon la revendicatlon 
1 , dans lequel le moule p6riph6rique (26, 26a, 1 26, 
1 26a) est une bague ayant son centre ouvert. 

17. MSthode pour former une feuiile de verre chauffee 
comprenant: 

la mise en etancheite de la peripherie de la 
feuiile de verre centre une surface pleine (24, 
24a, 1 24, 1 24a) d'un moule sous vide, et 30 
le dSmarrage et I'arret d'une communication de 
la surface du moule sous vide h Tintdrieur de la 
peripherie ^tanche de la feuiile de verre avec 
au moins un reservoir a vide (32, 33) dans le- 
quel un vide partlel est maintenu pour fournir 3S 
une impulsion de vide d'une pression absolue 
de 0.9 atmosphere ou moins au moule sous vi- 
de pour former la feuiile de verre selon la forme 
de la surface du moule sous vide. 

40 

18. M6thode selon la revendicatlon 17. dans laquelle 
I'impulsion de vide est donnee k la surface du moule 
sous vide (24, 24a, 1 24, 1 24a) initialement k un pre- 
mier niveau de vide et par la suite h un second ni- 
veau de vide. 45 

19. M6thode selon la revendicatlon 18, dans laquelle 
les premier et second niveaux de vide sont foumis 
par la communication de la surface du nnoule sous 
vide (24, 24a. 124, 124a) avec une paire de r6ser- 50 
voirs (32, 33) de vide. 

20. M6thode selon la revendicatlon 17, 18 ou 19 dans 
laquelle la peripherie de la feuiile de verre est ren- 
due etanche centre la surface du moule sous vide 55 
(24, 24a, 1 24, 124a) par une operation de pressage 

du moule pSripherique (26, 26a, 126, 126a) qui 
maintient I'dtat pressd lorsque I'impulston de vide 



20 

est fournie k la surface du moule sous vide pour 
former la feuiile de verre. 

21. Methode selon la revendicatlon 17, IBou 19, dans 
laquelle la peripherie de la feuiile de verre est ren- 
due etanche centre la surface du moule sous vide 
(24, 24a, 1 24. 1 24a) par une operation de pressage 
d'un moule peripherique (26. 26a, 126. 126a) qui 
ne vient pas en prise avec la feuiile de verre lorsque 
rimpulslon du vide est fournie k la surface du moule 
sous vide pour former la feuiile de verre. 
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